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INTRODUCTION

The reported phase diagrem’ of the Ca-Cu oyotem containn five
compoundo and a meta-stable sixth compound, &01soG,2 -t ie by far the
most investigated compound, ~rinri lY because of its heavy Fermion
behavior at low temperature. It is this last which ties comparisons
with other Ck-Cu compounds of special interesr SeverP.1ntudies have been
reported on both GCua’”o anC G0J5.7’0 We present here our results on
C.eCu~,partly because they include properties not included in Refs. 7 and
8, and partly be~uoe our results differ in one importar,treopect, namely
in the observation of two distinct phare tramitione at low temperature.

Our nampleo of CeC.u5were prepared by arc-nwlting the elements in
argon atmosphere, followed by annealing at 700°C. It m be seen from the
Ce+I phane diagram that contamination by t%e phase (XL and C&tq is to
be ca~efully guarded agairmt. Both metallography and the tpecific heat
remults preoented below indicate the absence of these additional phasee in
our mamplee. GA1CU4 mrnplee were not annealed. GZnoCu2 and CeAIZn@a
were prepared in sealed tubes.

Tho electrical renlstivity behvior of C&uu is that of a good metal,
and one observes a rasiotance anormly associated with a phase transition.
most likely of magnetic origin. just below 4 K. l%e onmll oize of thin
anonmly is indicative of the weak coupling between the G 4f-electron~ and
the conduction electrons in this compound. The temperature dependence of
the resietivity here 10 in nxtrkedcontrast, we note, to the Kondo-like
behavior neon for bth~,

We find a high temperature variation of the mmgnetic sua~.eptlbility
corresponding to the full b 4f’ moment of 2.64 ~B. Our result- below
10 K (Fig. 1) showan entiferronmgnatlc anommly at 3.8 K, with a tecond
teat~re at 3 6 K. It it the presence of this double anormly that does not
appear in previous reporto. hgnetizationm eawrement~ in a variety of
fieldn (Fig. 2) allow uo further to prepare a mgnetic phase di~ram of
the two rmgnetic feature-, al-o ohown in Fig. 3,

The conclusion that two phase transition- are involved is further
-upPorted by thernml expannion data (Fig. 4), where two anomalie- are
teen. (The nmgneto-trictlon 1* also included in Fig. 4.) The pooitions
of the faaturefiin thornml expansion relative to the mgnetic enormly have
been u-cd in refining the mgnetic phone diagram in Fig. 3. It ID not
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Fig. 1. Low temperature magnetic susceptibility of GGJ5. The arrows

mark the two phase transitions.
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Fig. 2, Temperature dependent Wli data for CuCu~ in various fields.



clear e=ctly which ~rt of a feature in the thermal expansion corres-
ponds, for example, to the upper transition seen in the magnetic
susceptibility data, but there are clearly two distinct signatures in the
expansion data. It io interesting that the emplitude of the ~nper
signature rapidly ●nlarges in field (Fig. 5), while stayir~ nearly at the
same tempera~ure, while that of the lower signature rapidly diminishes and
moves to lower temperature.

The two anomalies are also clearly present in the specific heat &.ta
(Fig. 6). The first point to tie is that the two peaks correspond
closely to the minim in the thernl-expansion coefficient. An ●ntropy
integration of the double transition yields approxirmitleyRL’I-L2.corres-
ponding to the involvement of a single crystal-field doublet of the G 4f
configuration. It in further found that the low-temperature extrapolated
electronic rpecific heat ~ a 50 m.J/mole-CeKa, a value somewhat enhanced
above that of a simple metal.

In order to cl~rify that the presence of two phase transitions was
not due to trace C&Jq contam~nation, we performd specific heat
measurements on GOJh . We were unable to prepare completely single phase
material here, some CkCh5 always being apprent via a specific haat
anonmly near 3.8 K, Using the amplitude of this anonwAlyas a measure of
the amount of GCU5 present as second pha~e in the CaChk ample, we could
e-tinsttethe low temperature specific heat properties of GCuk. We find a

I of approxinmtely 4CM)mJ/mole+ Ka. placing it in the rr:diumheavy
Fermion category. This large T for CeCu. sets an upper limit of -1/8 for
C&u. contamination of our ~S nample. and, at this level, not}lingseen
in the -pacific hear of the -b sample near 4 K could account for tbe
oecond transition.

An unexpected feature of the GCum behavior IS the presence of two
phase transitions in a nm.gneticnystem connoting, as it appearo, 0{ a

CeCu ~

OL2
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Fig. 3. H-T phase diagram of CaCh~.
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Fig. 4. Therml ●xpansion of G@s. Inset shows the temperature
dependence of the mgneto-striction.
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crysta! field ground state doublet. It is also somewhat surprising to
find this compound sandwiched between two heavy Fermion compounds in the
binary phase diagram.

The hexagonal compound -3 contains two inequivalent d sites, a
two-fold and a three-fold site. Separate utilization of these sites is
found in the isostructural CeRh=Bz, Takeshita et ale have shown that Al
can be substituted for Cu into the three-fold site in G&u~. We have made

measurements on both CeAIQJ@ and CeAl@.l=. The most interesting of these
is CeAICuq, for which we show specific heat data to low temperature in
Figs. 7 and 8. We find an enormmsly enhanced value of ~ of about
2 J/mole-G K2 below 1 K, and no magnetic ordering, -Ihas already fallen
off in GAl@3 to a much lower value (--540mJ/mole K2 at 1.6 K).
Additionally, a sample of composition CeCa~Q was found to order at 0.7 K
from a high ? state.

We have also found it possible to prepare GZn&uz in this crystal
structure. This material orders magnetically at 6 K with an entropy
integrated to TN of approxirmtely Rh2 (Fig. 9), oimilar to CeCII~,but
with only a single phase transition. We have also measured the specific
heat of CAAIZn@z to 1.6 K and found a very large value of O_f. ac-
susceptibility measurementrnof this compound to 0.4 K show no sign of

-etic ordering,
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Fig. 9. C/T for ‘C.Zn@a and C-eAIZn@a (inset) versus Ta.

It is remarkable that Al substitutions in both GCu~ and CeZnoCu2
have such large effects. Because the electronic structures of CeCu~ and
CeZn3Cu2 must be quite different,we believe this points to a special
effect of the G-Al interaction that results in these very large T values
at low temperature in the Al substituted compounds.

References

1. T. B. R.hinetier, D. E. Etter, J. E. Selle, and P. A. Tucker, Trans,
Metall. Sot. AIME~, 1193 (1964).

2 C. Allibert, W. Wong-Ng and S. C. Nyburg, Acts Cryst. CQ, 211
(1!3s4).

3. T. Fujita, K. s.fitO, Y. tiuki andT, Komtsubara, J. ?iagn.~, Mat.
fl &~, 6S (19S5).

4. C. R, Stewart, Z. Fink and M. S, Wire, Phyo. Rev, B ~, 482 (19S4),
5, Y. Onuki, Y. Machii, Y. Shimizu, T. Komateubara and T. Fujita, J.

Phys. Sot, Jap, ~, 3562 (1985).
6, E, Cratz, E, l?wer, d. Barbara, S, Zemirli, F. Steglich, C, D. Bredl

and W. Lieke, J. Phyn. F: Met, I’hys, ~, 1975 (19S5).
7. V. V. Moshchalkov, N. E. Sluchanko, M. V. Semenov, 0. 1. F!abich and

1. Ciric, Int, C2xif. Anom, Rare Earthn and Actinideo,
e. E. Bauer, E, Cratz and C. Schmitzer, Int. Chnf. Anom.

Actinideo, Grenoble, 1986,
9, T. Takeehita, S. K. Malik und W. ~, Wallace, J. Solid

225 (1978).

Grenoble, 1986.
Rare Earths and

State Cheml n,


